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Abstract 
In this study, microwave irradiation technique is used to synthesize poly (acrylamide-co-2-hydroxyethyl methacry-
late) / poly(vinyl alcohol) (P(AM-co-HEMA)/PVA (semi-IPN hydrogels, which are separately synthesized by using 
one-pot polymerization and two-step polymerization techniques. Semi-IPN hydrogels were crosslinked by 
glutaraldehyde (GA) using ammonium persulfate (APS) as an initiator. The first step, (P(AM-co-HEMA) network 
was synthesized in PVA aqueous solution, then followed by glutaraldehyde crosslinking reagent, it formed to semi-
IPN structured. The presence of function groups in the structure of hydrogel films were confirmed using Fourier 
transform infrared spectroscopy (FT-IR). Swelling behaviors of the hydrogel were measured gravimetrically in 
distilled water at the temperature of 27 qC. The results showed that the hydrogel prepared by one-pot polymerization 
technique exhibited the highest swelling ratio (the percentage swelling has higher than 900 %), comparing with the 
hydrogels prepared by two-step polymerization technique. Therefore, the one-pot polymerization is the suitable 
technique to prepare the P(AM-co-HEMA)/PVA (semi-IPN hydrogels due to less synthesis time and providing 
acceptable swelling ratio.  
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Hydrogels are three-dimensional crosskinked network structures that are able to swell in water or other biological 
fluid without dissolving. Intelligent hydrogels have attracted much attention due to their immediate changes between 
their collapsed and swollen states in response to various external environments such as pH, temperature and light. 
Therefore, hydrogels have been utilized in variety applications such as controlled drug delivery [2], separation [3], 
tissue engineering [4], and as support carriers in biomedical applications [5]. However, sometime their applications 
are limited because their exhibits relatively low mechanical properties in the application ranges. Formation of 
interpenetrating polymer network (IPN) is a way of blending two polymers in network, which can be possible to 
improve mechanical properties. When both of the polymers are crosslinked, it is called a full-IPN. If only one is 
crosslinked in the presence of another crosslinked network without any chemical bonds between them, the IPN is 
called a semi-IPN [6].  
  The microwave irradiation is one technique, which is used for preparation of the hydrogel in several researches. 
Due to the microwave heating process has high temperatures for attack the solution with relatively short times and 
thus creates reactions faster than under conventional thermal conditions [7]. Liu et al. [8] synthesized porous poly 
(N-isopropylacrylamide) (PNIPAAm)-based hydrogels with poly (ethylene oxide)-600 by the microwave irradiation. 
They found that microwave irradiation could reduce reaction time and increased the yield of PNIPAAm hydrogels. 
The hydrogels obtained by microwave irradiation exhibited higher the equilibrium swelling ratios. Ghosh et al. [9] 
also reported the microwave irradiation in synthesis of acrylamide-grafted-gellan gum via free radical 
polymerization using cerric ammonium nitrate (CAN) as a redox initiator. The microwave irradiation results 
accelerate the reaction rate and can be induced graft co-polymerization, efficient and reproducible (due to the supply 
of fixed energy form microwave). Thus, microwave irradiation method can be developed graft co-polymer. Xu et al. 
[10] reviewed the application of microwave irradiation in polymer synthesis, and found that the microwave 
radiations have good advantages over the conventional thermal methods in improving properties of the polymer 
synthesis. Khutoryanskiy et al. [11] prepared the PVA/PAA hydro-gels by microwave irradiation in aqueous 
solution. The reaction of PAA and PVA to produce a hydrogel was also carried out in the absence of microwave 
compared with the hydrogel synthesized by microwave irradiation. It was found that, the yield of hydrogel 
synthesized by conventional method only 10% obtained after 1 h; microwave-assisted synthesis gave a yield of 20% 
in 20 min. The hydrogels produced by microwave irradiation method also have high swelling ratios. 
     Polyacrylamide (PAM) is a popular polymer used for prepare the hydrogels. These polymers are made from 
acrylamide (AM) monomers, whose structure consists of the -CONH2- group, as well as reasonable amounts of a 
crosslinker. It can be absorbed a lot of water molecules and increase swelling ratio, which improves the properties of 
the hydrogel [12]. Poly(hydroxyethyl methacrylate) (PHEMA) is one of the most important and most widely applied 
hydrogel biomaterials because PHEMA is a hydrophilic polymer that is non-toxic and it is characterized by very 
good biocompatibility [13]. Moreover, HEMA copolymers have also been investigated as absorbents for removing 
metal ions from solution. It should be possible to enhance the water absorption capabilities of hydrogels by 
combining with various monomers, which are more hydrophilic than HEMA, were introduced such as 
vinylpyrolidone [14] and ethylene glycol methacrylate [15]. Some IPN of PHEMA was also prepared to enhance the 
water uptake and response rate such as polyvinyl alcohol [16] and gelatin [17]. Poly(vinyl alcohol) (PVA) is a 
synthetic hydrophilic polymer widely used in various areas, including foods, lacquers, resins and cosmetics 
industries [18]. In addition, the pH sensitive hydrogel of PVA are useful for drug delivery systems, separations in 
biotechnology. In these applications, a fast response rate and good mechanical property of the hydrogel to the 
external stimuli are needed. Therefore, the PVA is a polymer widely used for the preparation of hydrogels.      
       In the present study, the (P(AM-co-HEMA)/PVA) semi-IPN hydrogels were synthesized via free radical 
polymerization by microwave irradiation method. The hydrogels were separately synthesized by using one-pot and 
two-step polymerization techniques. The hydrogels compositions were characterized by Fourier transform infrared 
spectroscopy (FT-IR). Swelling kinetics of the semi-IPN hydrogel samples were studied by gravimetrical 
measurement method. Comparison of the swelling behavior to other hydrogel obtained from different technique was 
also studied. 
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2. Experimental 
2.1 Materials 
2-Hydroxyethyl mathacrylate (HEMA, 97%), acrylamide monomer (AM, 98.5%), ammonium persulfate (APS, 
99%), ethylene glycol dimethacrylate (EGDMA, 98%), glutaraldehyde (GA, 50%), poly(vinyl alcohol) (PVA, 88%), 
N,N,N,N,-tetramethylethylen-diamine (TMEDA) and hydrochloric acid (HCl). 
2.2 Preparation of (P(AM-co-HEMA)/PVA) semi-IPN hydrogels 
One-pot polymerization; the (P(AM-co-HEMA)/PVA); semi-IPN hydrogels was prepared by free radical 
polymerization in PVA aqueous solution. The chemical compositions of the hydrogel are shown in Table 1. The 
mixed solution of the AM monomer, PVA polymer, cross-linker (GA and EGDMA) and APS initiator were 
dissolved in distilled water. Then, the solution was bubbled with nitrogen for 1 h to remove dissolved oxygen that 
would be inhibitor for the reaction. After that, the mixture was irradiated in a domestic microwave oven (Thai 
Samsung Electronics Company) at 300 W for 10 min. At the end of the reaction, the resulting semi-IPN hydrogel 
was transferred into petri dishes and dried for 9 h at 50 qC. The hydrogel film was immersed in pure water for one 
day to eliminate non-reactive materials and dried under vacuum at 30 qC for 24 h. Thus, the dried gel was obtained 
and denoted as 50%HEMA-PM. 
      Two-step polymerization; the reaction mixtures contained the same weight ratios as one-pot polymerization 
method. AM and HEMA monomers and crosslinker were dissolved in distilled water. And followed by nitrogen 
bubbing for 1 h, the initiator of APS was added. Then the polymerization was carried out at 300 W for 5 min in 
microwave oven. After polymerization, glutaraldehyde and hydrochloric acid were added into the reaction mixture, 
the polymerization was continued for 5 min to achieve crosslinked. When the polymerization reaction completed, 
the resulting semi-IPN hydrogels were transferred into petri dishes and dried for 9 h at 50 qC. The reaction duration 
was designed as series of 5+5, 6+4 and 7+3 min. The samples were designated as 50%HEMA-PM-t, 5+5 min, 
50%HEMA-PM-t, 6+4 min and 50%HEMA-PM-t, 7+3 min, respectively. 
 
                                Table 1 The chemical compositions of the hydrogel. 
 
 
 
 
2.3 FT-IR analysis 
The FT-IR spectra were used to analyse compositions of the hydrogel samples that gave information about 
functional groups presented in hydrogels structure. The hydrogel films were characterized by Fourier transform 
infrared (FT-IR) spectroscopy using Perkin Elmer FT-IR spectrometer model spectrum RX1. The infrared samples 
were hydrogel films, approximately 3 mm x 3 mm placed in the sample holder. Spectra were recorded in the 
wavenumber ranges of 4000-400 cm-1. 
2.4 Swelling ratio measurements 
The gravimetrical method was used to measure the equilibrium swelling ratio of the hydrogel samples [19]. The 
dry gels were immersed in distilled water at 27qC at predetermined time intervals. Then, the hydrogels were drawn 
from water and eliminate non-adsorbed water on the samples surface with filter paper. The equilibrium water 
swelling of hydrogel samples were defined the following equation [20]: 
 
Hydrogel   samples HEMA (ml) 
AM 
(g) 
PVA 
(g) 
H2O 
(g) 
50% HEMA-PM 1.16 1.25 2.50 95.00 
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                                                                     (1) 
 
   where Wd was the weight of dried gels, and Ws was the weight of hydrogel samples in the swollen equilibrium at 
different time. The mass swelling of hydrogel samples were obtained according to the equation [21]: 
 
                                                       (2) 
 
   where mo was initiated the weight of dried gels and mt was the weight of swollen hydrogels. 
3. Results and discussions 
3.1 Preparation of (P(AM-co-HEMA)/PVA) IPN hydrogel film 
The copolymerization of PAM and PHEMA in PVA aqueous solution was successfully prepared via a free 
radical polymerization using microwave-assisted. The possible reaction of (P(AM-co-HEMA)/PVA) semi-IPN 
hydrogel is shown in Fig. 1. In this work, the initiator of APS was used to initiate the free radical polymerization 
reaction, GA and EGDMA are cross-linkers. In the first step, the (P(AM-co-HEMA) network was obtained from 
copolymerization of PHEMA and PAM in PVA aqueous solution by using EGDMA as a crosslinker. Then, the 
formation of (P(AM-co-HEMA) polymer networks were crosslinked with PVA using GA as a crosslinker. GA can 
react with the -OH of PVA and the -OH of PHEMA in (P(AM-co-HEMA) networks to yiled a semi-IPN hydrogel 
[22]. 
.  
                                     Fig 1. The synthesis route of the P(AM-co-HEMA) / PVA semi-IPN hydrogel. 
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3.2 FT-IR of P(AM-co-HEMA)/PVA semi-IPN hydrogel films 
The chemical structures of synthesized hydrogels studied by using FT-IR spectroscopy are shown in Fig. 2. The 
absorption spectra of all hydrogel samples present the same characteristic peaks. Absorption band at 3000-2942 cm-1 
is related to the characteristic absorption band of -CH2- stretching on the backbone. The band at 3347 cm-1 can be 
attributed to the overlapping vibration of O-H and N-H stretching. The absorption peaks at 1670 cm-1 and 1069 cm-1 
were assigned to the stretching vibration of C=O and C-O groups, respectively. From this result, it can be confirmed 
the expected structures of the hydrogels. 
 
          
 
      Fig 2. FTIR spectra of semi-IPN hydrogels (a) 50% HEMA-PM, (b) 50% HEMA-PM-t, 5+5 min,  
(c) 50% HEMA-PM-t, 6+4 min and (d) 50% HEMA-PM-t, 7+3 min. 
 
3.2 Swelling behavior 
Fig. 3-4 shows the swelling behaviors of the semi-IPN hydrogels obtained from gravimetrical method. Fig. 3 
exhibits the equilibrium swelling ratios of the hydrogel samples from both polymerization techniques in distilled 
water at 27 qC. The results indicate that all samples showed similar swelling behaviour and quickly reached the 
equilibrium within 6 min. Moreover, it was also found that, the hydrogel of 50%HEMA-PM exhibited higher 
adsorption water and reaches to equilibrium faster than that all the hydrogels synthesized using two-step 
polymerization. The mass swelling curves of the hydrogel samples are presented in Fig. 4. It can be seen that the 
percentage swellings of the hydrogel samples were higher than 400%. The hydrogel of 50%HEMA-PM showed the 
highest mass swelling (> 900%). While the percentage mass swelling of hydrogel prepared using two-step 
polymerization (50% HEMA-PM-t) was significantly lower than that of one-pot polymerization (HEMA-PM). The 
HEMA-PM-t, 6+4 min hydrogel showed the highest %mass swelling (650%) in the HEMA-PM-t series. The 
different in %mass swelling of hydrogel HEMA-PM-t series could be due to the different in crosslink density. By 
comparison between the %swellings of semi-IPN hydrogels, which synthesized by one-pot polymerization (HEMA-
PM) and two-step polymerization (HEMA-PM-t) techniques, the % mass swelling of HEMA-PM hydrogel, was 
remarkably higher than the HEMA-PM-t hydrogels. This is because the hydrogel prepared by one-pot 
polymerization has excellent property in pore size than the hydrogels prepared by two-step polymerization [23]. 
Therefore, the ability to absorb water of the HEMA-PM-t hydrogels was decreased. Additionally, the hydrogel 
synthesized by one-pot polymerization can be prepared quickly and reduced step of polymerization.  
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Fig 3. The equilibrium swelling ratio of P(AM-co-HEMA) / PVA semi-IPN hydrogels.  
 
 
 
 
Fig 4. The mass swelling kinetic curves of P(AM-co HEMA) / PVA semi-IPN hydrogels. 
 
4. Conclusions 
Semi-IPN hydrogel films were successfully synthesized via free radical polymerization by using ammonium 
persulfate (APS) as an initiator and glutaraldehyde (GA) as a crosslinker with a microwave-assisted. The FT-IR 
analysis confirms the compositions of hydrogels in the semi-IPN networks. The hydrogel prepared by one-pot 
polymerization technique exhibited the highest swelling ratio and reduced step of polymerization, comparing with 
the hydrogels prepared by two-step polymerization technique. The hydrogel of 50%HEMA-PM showed the 
maximum mass swelling percentage (the mass swellings percentage has higher than 900 %). 
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